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Effects of rubber content on macro- and meso-scopic shear characteristics of
geogrid-rubber sand interface
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Abstract: A large-scale direct shear apparatus is used to study the interface shear properties of the geogrid-reinforced
rubber-sand mixture. The variations of shear stress with shear displacement and volume deformation characteristics are
analyzed under different rubber contents, relative densities and normal stresses. Based on the indoor experiments, direct shear
models for sand and rubber-sand mixture on PFC3P are established to reveal the meso-mechanical mechanism of
geogrid-reinforced rubber-sand mixture in the direct shear process. The results show that the shear strength of rubber-sand
mixture rises first and then drops with the increase of rubber content under the same compaction. The optimal rubber content is
10%. The looser the mixture is, the greater the difference is in shear strength (|to-ts0|) caused by the rubber content. Adding
some rubber particles in sand can increase its apparent cohesion and interface friction angle, but the shear strength is mainly
affected by the latter. The relative thickness of the shear band becomes smaller in view of the entry of rubber particles. The
rubber particles inhibit the rotation of the sand particles, making the porosity change of the rubber-sand mixture smaller than
that of the sand. The fabric distribution of the rubber-sand mixture can reflect the distribution of contact force, and the number
of touch points among particles is a little more than that of the sand. The normal contact force and tangential contact force of
the mixture are smaller than those of sand. The addition of rubber particles increases the damping energy consumption of the
system and improves the elasticity of the mixture.

Key words: rubber-sand mixture; reinforcement-soil interface; rubber content; shear band; fabric anisotropy
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Fig. 1 Schematic diagram of large-scale direct shear apparatus
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Fig. 3 Grain-size distribution curves of sand and rubber particles
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Tablel Physical property indexes of sand and rubber

o) RATE  BOTE HEXE RS mRRR ARk ELhiE CPEHRE REkG
FE/(grem?)  E/(grem?) B RE G Ce dio/mm d3/mm dso/mm dso/mm
Wt 1.85 1.59 2.71 5.75 1.09 0.129 0.323 0.590 0.742
i 0.69 0.52 1.21 1.32 1.06 3.533 4.182 4.500 4.659
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Table 2 Technical indexes of geogrid P, HRRS R g EioC. s EBN.
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Table 3 Test plans
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Fig. 5 Relation curve of shear stress and shear displacement
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Fig. 6 Relation curve of vertical displacement and shear displacement
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Fig. 7 Relation curve of shear strength and rubber content
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Fig.11 Partial drawing of simulated specimens and geogrid
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Table 4 Mesoscopic parameters of geogrid
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Table 5 Calibrated values of mesoscopic parameters of rubber

sand mixture
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